Large tropical river dam projects are set to accelerate over the forthcoming 2 2 4 2 production 2 . Projections show a three-fold increase over the forthcoming decades 4 3 in the number of large dammed (>15 m high) tropical river projects 3-5 . When 4 4 rivers are dammed, the immediate impacts are well studied 3 . For instance, dams 4 5 transform carbon cycling 6,7 , alter river networks by creating artificial reservoirs 3,8 , 4 6 alter natural patterns of sediment transport 8 , impede upstream-downstream 4 7 movement of fish 3 and modify water quality and productivity 3,8 . Yet almost 4 8
The tropics contain more than 4 million bodies of freshwater 1 and many large 4 1 tropical rivers have been dammed for water management, commerce and energy 1 3 8
Core chronology and sedimentation rates: A sediment core (87 cm long; 1 3 9
LGAT1) was retrieved from a littoral area (9°2'49.58"N, 79°50'6.33"W) at a water 1 4 0 depth of approximately 1 m (Fig. 1) . Sediments were dated using the constant 1 4 1 rate of 210 Pb supply (CRS) model 34 resulting in a chronology spanning the last 1 4 2 c.150 years (Fig. 2) . The pre-canal riverine conditions were contained within the 1 4 3 87-50 cm of the core and the post-canal lake conditions within the top 50 cm. The macrophytes, 19 invertebrates and 81 diatom taxa (Figs. S1-S3) were identified 1 5 0 throughout the sediment core and summarized into functional groups according 1 5 1 to growth type (macrophytes), habitat preference (diatoms) and feeding mode Pinnularia; Fig. S3b ) and charophyte macro algae (Chara spp. and Nitella spp. invertebrates (e.g. Cladopelma spp., Zavreliella spp., and Stenochironomus spp.; environment. In particular, the latter suggests that carbon cycling at the time Nymphaea ampla), benthic-mobile diatoms (e.g. Navicula radiosa and Navicula 1 9 0 recens; Fig. S3c ), caddisfly larvae (Trichoptera) shredders and bryozoan filter-1 9 1 feeders (L. carteri, and Plumatella spp.) responded positively to these novel 1 9 2 conditions while diatoms shifted from littoral to benthic-planktonic associations 1 9 3 ( Fig. 4) . Increases in the bryozoans L. carteri and the colonizing A. gelatinosa in 1 9 4 particular, were likely responding to an expansion of macrophyte cover 26,44 . The 1 9 5 observed proliferation of caddisfly larvae may also have ultimately been driven by 1 9 6 increased detrital inputs and food availability as they prey on bryozoans 44 . As the lake infilled after formation of the dam in 1913 (Zone 3), littoral detrital 1 9 8 (Ti/Ca) and river-fed elements (e.g. K) declined (Fig. 2) . Declining erosion after after reservoir infilling, a period when CO 2 and CH 4 production is commonly 2 0 9 facilitated 7,18 . Yet, our data suggest that such carbon pathways may take even 2 1 0 longer to develop (four-five decades) than previously suggested for tropical dam 2 1 1 projects 7,18 . In general, our findings show that macrophyte growth was encouraged as the 2 1 3 lake infilled, promoting aerobic conditions ( Fig. 4 ). This trend matches the 2 1 4 historical macrophyte records from Gatun Lake 24 , and other similar tropical 2 1 5 impoundment projects 8, 45 . For instance, the invasion of H. verticillata that resulted 2 1 6 in many hectares of the lake becoming choked with this submerged species was Ceratophyllum (Fi. S1). Free-floating plants, such as Eichhornia spp., and P. stratiotes, also disseminated rapidly, while anchored plants (N. alba in particular), 2 2 0 invertebrate shredders, filter-feeders and macrophyte/detrital associated taxa 2 2 1 declined ( Fig. 3, Figs . S1,2.). plants 26, 44 . Diatoms shift to a benthic-aerophilous-saline diatom assemblage As the lake aged (post-1995; Zone 4) submerged and free-floating 2 3 7 macrophytes increased and carbon cycling shifted in concordance to within-lake 2 3 8 production (high Pmar-aq index value) 31 (Fig. 2, 3 ). This shift in habitat structure quality, productivity, and sediment reductive/oxygenated conditions. During drier 2 5 0 periods for instance, sedimentation was relatively low due to lower physical 2 5 1 erosion while detrital inputs where high ( Fig. 4 ). There was also a prevalence of Fe/Mn ratio) in Gatun, would have transformed nutrients (phosphorus in 2 6 2 particular) into more available forms 42 that along with clearer and less variable 2 6 3 water levels would have favored planktonic diatoms 37-39 and submerged and free 2 6 4 floating macrophytes 45, 47 . As submerged plants grow in clearer waters they would have also photosynthesized more increasing surface DO levels in the water 48 . coupled with increases in sedimentation rates, Fe/Mn, and Ti/Ca (Fig. 2) , which 3 0 0 resemble the historical riverine pre-damming conditions and that are in 3 0 1 agreement with "La Purísima" rainstorm, which flooded the whole lake system 3 0 2 and increased sedimentation rates by almost 100-fold 50 . Seawater likely intrudes into the lake through the locks of the Panama Canal and 3 0 7 the deposit of ballast water into the lake, which was only forbidden after 1996. The locks may not be the only reason for increasing salinity. Runoff associated 3 0 9
with the enclosed drainage basin and land-use change may have led to an 3 1 0 increase in ion input and hence increased water salinity. These two processes 3 1 1 are often governed not only by greater runoff but also by evaporation; a pattern 3 1 2 that is consistent with the peak in salinity-tolerant diatom species and increases Figs. 3, 5b) . The more recent increases in salinity-tolerant diatom species 3 1 5 (including two marine morphtypes; Fig. S3f ) in the Gatun Lake after the early- These new locks use a tiered water sharing system that can more easily move 3 2 0 salt water up into the lake easier. Recent STRI salinity monitoring data supports 3 2 1 this inference (Steve Paton, pers. comm.). As deforestation in the lake catchment 3 2 2 has declined in the last two decades 17,24 , it is likely that runoff patterns might not If the predicted drying of the canal area due to global climate change is 3 2 6 correct 12 , and global shipping traffic increases 28 , it is likely that salinity will 3 2 7 continue to increase in the lake with major implications for drinking water 17 . The the recent increase we observe in n-alkane bacteria and both the MI and Pmar-3 3 0 aq indices could be a warning that the halocline will render surface sediments Cichla would also lead to cascading effects through the lake's food web, 3 3 7 1 6 particularly on zooplankton (e.g. Ceriodaphnia), aquatic insects (e.g. 3 3 8 mosquitos/chironomids) and primary producers. Our results however do not 3 3 9 support the latter, as cladoceran ephippia only became apparent after the late 3 4 0 1990s, a period that instead coincides with increasing n-alkane algae 3 4 1 contribution. We found no evidence of increasing abundances or shifts in specific Our data help reconstruct the biotic and abiotic dynamics of the Chagres River the functioning of Gatun Lake. Drier periods will likely encourage the on-going Wetter periods in turn, may stimulate sedimentation rates, nutrient inputs, salt under a changing climate. Our study emphasizes that to preserve natural riverine 3 7 0 system functioning in tropical impoundment projects, management activities must Study area: Gatun Lake is situated in the valley of the Chagres River to the 3 7 7 south of Colón, Panama (9 o 11´N 79 o 53`W) (Fig. 1) . It is an artificial large lake 3 7 8 (425 km 2 ) with a maximum water depth of 30 m and extensive areas of shallow water (<5 m). The lake waters are well mixed throughout much of the dry (mid- December to mid-April) and wet (mid-April to mid-December) season 53 . The lake Sampling: A sediment core (87 cm long; LGAT1) was retrieved in 2013 from 3 8 6 near "La Represa" village in the southeast area of the lake (Fig. 1) . The basin 3 8 7 offered an ideal coring site given that it lies outside the dredging zone of the 3 8 8 canal and is located in one of the most deforested areas of the lake watershed. The core (LGAT1) was retrieved from a littoral area (9° 2'49.58"N, 79°50'6.33"W; and mean values for each element were determined from duplicate 4 0 6 measurements. Sampling resolution was at 2-cm intervals for the top 50 cm of 4 0 7 the core and at 4-cm for the remainder. A total of 34 samples were analyzed. and Zn were used as proxies for human-derived pollution events, Ca as a proxy 4 1 1 of marine influence, and K as a proxy of physical erosion 56 . We calculated Biomarkers: We analyzed n-alkanes composition in 10 sediment samples 30 . We Besides relative n-alkane contribution, we also calculated the terrigenous 4 2 0 aquatic ratio (TAR), which quantifies the in situ algal vs. terrestrial organic aquatic macrophyte input to lake sediments relative to that from the emergent Hydrilla remains, we estimated temporal abundances through its well- Benthic species were sub grouped into acidic-oligotrophic, eutrophic, and mobile quality variables (see Fig. S4 for details) . As a first step we discarded nitrates 5 0 4 due to low variation ( Fig. S4b ) and subsequently, we discarded phosphates and 5 0 5 chl-a as these two variables showed a strong correlation with DO at the water S4c). We left both DO measurements instead of nitrates and chl-a due to a better 5 0 8 historical record (see Table 1 ).
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